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Traditional PV system modeling approaches require
system components to be tested in order to determine
performance parameters. In some cases, system
owners may wish to predict system performance, but
lack the parameters necessary for typical modeling
techniques. In these cases, it is possible to train a
recurrent neural network to characterize an existing
PV system and predict performance under a given
set of weather conditions. Such a characterization
may be useful in cases where component models are
not available, the modeler does not know the specific
components in the PV system, or where system
components are installed or altered in such a fashion
that the model parameters are no longer applicable.
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The recurrent neural network (RNN) trained to
characterize and simulate a 1.05 kWp PV system
using approximately 41 days of data. Data input fields
consisted of a plane of array reference cell, ambient
air temperature, and wind speed. A particle swarm
optimization trained the RNN to predict AC power
and module temperature. After training, the network
was tested against over a year of data (including the
training set). Modeled performance from the RNN
were compared to measured performance data.

The Sandia Photovoltaic Array Performance Model
(SAPM) and Grid Connected Photovoltaic Inverter
model were similarly tested against the same 1 year
of weather data. The performance of each method
was compared as a whole and residual analysis was
performed against the input parameters.

In general, the RNN-based model performed well, although
not as well as the traditional component-based model (SAPM).

R’ = 0.99029

Measured PAC

200 400 600 800 1000 1200
SAPM Estimated PAC

- R =0.96231

Measured Tmod
(o= ] (o= ]

Lo ]
T T

20 40
SAPM Estimated Tmod

AC Power residuals {watts)

0.2 04 06 08 1 1.2
Reference Irradiance (suns)

Module temperature residuals (C)

]
Lo ]
T

8 10 12 14
Wind speed (m/s)

n)

Measured PAC

Measured Tmod

AC Power residuals (watts)

Sandia
National
Laboratories

1
[4)]

Module temperature residuals {C)

)
Q
T

o
(=]

R’ = 0.98932

X N S R X

400 600 800 1000
NN Estimated PAC

R =0.95802

0 20 40
NN Estimated Tmod

o

Reference Irradiance (suns)

Wind speed (m/s)

Exceptional service in the national interest

"®» U.S. DEPARTMENT OF Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation,

g
5 2 E N E RGY a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National
a%n;aj Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2011-4179C

T VAT =%
A TN s

National Nuclear Security Administration

SAPM 3.06 2.35 1.04
RNN 3.23 1.88 -0.43

Module temperature performance, in °C

SAPM 3.05 1.05 -0.07
RNN 3.20 1.18 0.32

AC power model performance,
as a % of rated power

RNN modeled AC power
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Performance of the RNN on both a
clear and cloudy day

A recurrent neural network may provide adequate

modeling capabilities for circumstances which do not
allow for a traditional component-based modeling

approach.

A recurrent neural network approach does not require
any knowledge of the system. Thus removing the need
for component performance testing.

The recurrent neural network may only be used on
systems which are already installed and monitored
for desired data fields as concurrent weather and
performance data are required to train the network.




